Heparin-induced thrombocytopenia (HIT) is a state of thrombocytopenia with a paradoxically elevated thrombotic potential after exposure to heparin. Severe cases can present with multiorgan involvement with direct and secondary effects. Although HIT has been reported following other surgeries, to the authors' knowledge there has not been a report of HIT after spinal surgery. The present case details the course of a patient who underwent elective lumbar surgery followed by delayed presentation of shortness of breath due to multiple pulmonary embolisms and right lower-extremity paralysis due to extensive iliofemoral clot burden with acute compartment syndrome. The patient was treated with intravenous argatroban for extensive thrombosis and also required open thrombectomy and fasciotomies for treatment of compartment syndrome. Although the patient eventually experienced motor recovery, residual sensory deficits persisted at last follow-up. In this report, the pathophysiology, clinical presentation, and treatment of HIT are reviewed. heparinized. The procedure was well tolerated, and postoperative imaging demonstrated adequate placement of hardware. Postoperatively the patient's strength remained intact, and she was started on a regimen of prophylactic heparin (5000 U subcutaneously 3 times daily) at 10:00 pm on postoperative day (POD) 1. Prior to initiation of the heparin prophylaxis on POD 1, the patient's platelet count was 128/ml, and on the day of discharge (POD 7), her platelet count was 203/ml ( Fig. 1) . She continued receiving heparin prophylaxis for the duration of her initial hospitalization. Her postoperative course was complicated by an ileus, which resolved with bowel rest. The patient was discharged on POD 7 with a stable intact neurological examination. On POD 14 the patient presented to the emergency department, where she was found to be in severe respiratory distress with acute lower-extremity weakness (4/5 left dorsiflexion and hip flexion, and 0/5 in her right lower extremity throughout). She had intact sensation at the level of her navel but denied sensation throughout her legs bilaterally. Her legs were cool to the touch and mottled in appearance. She had palpable pulses in the upper extremities and groin, but distal to her groin she did not have palpable pulses or pulses evident on Doppler ultrasonography. Due to respiratory distress, the patient was intubated, and workup revealed multiple PEs, a renal infarct, and DVTs in both her iliac and femoral veins bilaterally. Her platelet count was 59/ml and her HIT immunoassay was positive. She was started on intravenous argatroban. Based on her lower-extremity findings, the patient was diagnosed with acute compartment syndrome and was taken to the operating room for bilateral groin cut-downs, bilateral iliofemoral thrombectomies, and right anterior/lateral/posterior fasciotomies. She had a prolonged recovery from her multisystem injury but was eventually discharged on hospitalization Day 31 with 1-2/5 strength in her right lower extremity and full recovery of her left lower-extremity strength. She was discharged on a regimen of long-term warfarin. The patient was last seen for follow-up approximately 7 months after her initial operation and 6.5 months after the HIT presentation. She returned to full strength on physical examination; however, she still had limited sensation and ambulated with a noticeable limp.
H eparin-induced thrombocytopenia (HIT) with or without thrombosis is a rare, but well-described clinical condition that can develop after exposure to heparin. 6 The presence of HIT is characterized by development of thrombocytopenia after exposure to heparin. In some cases this causes a paradoxically greater tendency for clot formation, 6 resulting in thrombotic events. In the most extreme cases, the clot burden can be so extensive that patients present with multiorgan involvement and injury necessitating aggressive medical and invasive treatments.
Here, we present a case of HIT with extensive thrombosis in a patient who had undergone a recent spine operation with exposure to postoperative unfractionated heparin prophylaxis. This patient went on to develop compartment syndrome that caused acute lower-extremity paralysis, renal failure, deep venous thromboses (DVTs), and pulmonary embolisms (PEs) causing respiratory failure. The purpose for presenting this case is to increase the awareness that HIT can develop in spine patients after prophylactic dosing of unfractionated heparin, and that this can present as acute weakness, among other symptoms. Increased awareness can aid in earlier recognition, diagnosis, and initiation of treatment for this potentially dangerous condition.
Case Report
A 59-year-old woman presented to our neurosurgery clinic with a 2-year history of progressive chronic back and right leg pain. Conservative measures had failed, including oral pain medications, physical therapy, and steroid injections. Physical examination demonstrated full strength and sensation with intact reflexes. MRI demonstrated a rightsided L4-5 synovial cyst resulting in severe spinal stenosis with a Grade 1 spondylolisthesis. Surgical plans included laminectomy, resection of the cyst, and interbody fusion. Preoperative workup revealed a platelet count of 155/ml.
The patient underwent the planned procedure without a dose of intraoperative heparin, and her arterial line was un-heparinized. The procedure was well tolerated, and postoperative imaging demonstrated adequate placement of hardware. Postoperatively the patient's strength remained intact, and she was started on a regimen of prophylactic heparin (5000 U subcutaneously 3 times daily) at 10:00 pm on postoperative day (POD) 1. Prior to initiation of the heparin prophylaxis on POD 1, the patient's platelet count was 128/ml, and on the day of discharge (POD 7), her platelet count was 203/ml ( Fig. 1) . She continued receiving heparin prophylaxis for the duration of her initial hospitalization. Her postoperative course was complicated by an ileus, which resolved with bowel rest. The patient was discharged on POD 7 with a stable intact neurological examination.
On POD 14 the patient presented to the emergency department, where she was found to be in severe respiratory distress with acute lower-extremity weakness (4/5 left dorsiflexion and hip flexion, and 0/5 in her right lower extremity throughout). She had intact sensation at the level of her navel but denied sensation throughout her legs bilaterally. Her legs were cool to the touch and mottled in appearance. She had palpable pulses in the upper extremities and groin, but distal to her groin she did not have palpable pulses or pulses evident on Doppler ultrasonography. Due to respiratory distress, the patient was intubated, and workup revealed multiple PEs, a renal infarct, and DVTs in both her iliac and femoral veins bilaterally. Her platelet count was 59/ml and her HIT immunoassay was positive. She was started on intravenous argatroban. Based on her lower-extremity findings, the patient was diagnosed with acute compartment syndrome and was taken to the operating room for bilateral groin cut-downs, bilateral iliofemoral thrombectomies, and right anterior/lateral/posterior fasciotomies. She had a prolonged recovery from her multisystem injury but was eventually discharged on hospitalization Day 31 with 1-2/5 strength in her right lower extremity and full recovery of her left lower-extremity strength. She was discharged on a regimen of long-term warfarin. The patient was last seen for follow-up approximately 7 months after her initial operation and 6.5 months after the HIT presentation. She returned to full strength on physical examination; however, she still had limited sensation and ambulated with a noticeable limp.
Discussion
HIT is a rare disease that can develop after exposure to heparin. Clinical manifestation includes thrombocytopenia and a paradoxically elevated thrombotic state 6 that develops 5-10 days after exposure. 6, 22 The mechanism for development of HIT depends on immunoglobulin G immune complexes that activate platelets, monocytes, and endothelium, ultimately increasing the generation of thrombin and creating a prothrombotic state. 3, 9, 23 Our patient presented with multiple venous and arterial thrombotic events. Approximately half of the patients with HIT present initially with a thrombosis. Of those patients who are diagnosed with HIT without thrombosis, 52.8% will go on to develop a thrombotic event within the next 30 days. 21 DVT and PE are the most common thrombotic complications, with incidences of 48% and 25%, respectively. 21 In addition to venous thrombosis, there are reports of limb artery thrombosis, myocardial infarction, and cerebrovascular accident; however, the ratio of venous to arterial thrombosis is 4:1.
21 Initial concern was for a spinal cord stroke or cerebrovascular accident; however, MRI findings were unrevealing. Compartment syndrome with peripheral nerve compression secondary to extensive DVT burden was the diagnosis for the patient's weakness.
HIT develops in approximately 1 in 5000 hospitalized patients. 6 Within the surgical population, most reported cases result from cardiovascular surgery and nonspine orthopedic surgery. 22 There are reports in the literature of HIT in neurovascular 8 and neuro-oncology 10,16 patients; however, there are no reports of HIT in degenerative spine surgery patients. The risk of HIT appears to be slightly higher in women 7 and appears to be up to 10 times higher in patients exposed to unfractionated heparin than those exposed to low-molecular-weight heparin; 15 both risk factors were present in our patient. The evidence demonstrat- ing an increased risk of HIT with unfractionated heparin in comparison with low-molecular-weight heparin has been growing in the cardiac surgery literature, neurology literature, and trauma literature. 1, 13, 15, 18 These data have led to some institutions transitioning to low-molecular-weight heparin for DVT prophylaxis.
The diagnosis of HIT becomes likely with a 50% or greater decrease in platelets beginning 5-10 days after initiating heparin therapy and with the presence of HIT antibodies. 6, 22 Our patient presented outside this window; however, we did not have platelet counts from Days 8-13 ( Fig.  1) . Thrombocytopenia can occur from multiple etiologies in medical and surgical patients. 4 However, a predictive scale has been developed to evaluate the likelihood of HIT based on the clinical syndrome. 12 The "4-T's" scale consists of thrombocytopenia parameters, timing of presentation, the presence of thrombotic events, and the likelihood of alternative causes. 12 A high score on the 4-T's scale has a high positive predictive value, and a low score has a high negative predictive value; however, intermediate scoring is less clinically useful. 12 Our patient had a high score due to positive factors in all 4 areas ( Table 1) . Clinical diagnosis alone is often not enough to be definitive. Immunoassays can be used in combination with the 4-T's scale to verify a diagnosis. The various assays used have a high negative predictive value, but their false-positive rate is high, making their isolated use troublesome. 6 Despite laboratory evidence of thrombocytopenia, the risk of hemorrhage in HIT is very low. As such, platelet transfusion is not indicated and can instead increase thrombotic events. 5 The complications that our patient experienced were directly related or secondary to thrombotic events; she did not have any bleeding events.
There are currently 2 approved treatments for HITargatroban 11, 20 and danaparoid. 2 Argatroban is a direct thrombin inhibitor, and danaparoid is an antithrombindependent factor Xa inhibitor. Both of these medications have proven to be effective at decreasing thrombosis.
11
Our patient was treated with argatroban until her platelet count recovered and she could be transitioned to long-term warfarin anticoagulation. Danaparoid is also available in a subcutaneous formulation, which could have potential for outpatient therapy if indicated.
As part of her HIT presentation, the patient had asymmetrical weakness due to compartment syndrome that developed secondary to the lower-extremity thrombosis. Weakness in compartment syndrome can be multimodal, including muscle ischemia, nerve entrapment, and guarding from severe pain. 17 It is likely that this patient's initial presentation was a mixture of these various etiologies, as she had hip flexor weakness in addition to paralysis distal to the knee. She underwent open thrombectomies bilaterally and fasciotomies of the right lower extremity. The patient's strength improved throughout her hospitalization, and at her 6-month follow-up she had no perceptible weakness on physical examination. This case illustrates that compartment syndrome is a surgical emergency, 14, 19 and that early recognition and treatment is important for recovery.
14

Conclusions
We have presented a case of HIT with multiorgan involvement in a patient who underwent elective lumbar spine surgery with postoperative prophylactic exposure to unfractionated heparin. Overall, HIT is a rare clinical manifestation that has been demonstrated in both neurooncology and neurovascular patients; however, this is the first report of HIT in a spine surgery patient. 
